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Abstract. We present new, multiwavelength Very Large 
Array observations of the 3 radio galaxies in the cluster 
Abell 119: 0053-015, 0053-016 and 3C 29. The first two 
radio galaxies, which lie close to the cluster center, show 
a narrow-angle-tailed structure, with many twists in the 
tails. The third radio source is located at the cluster pe- 
riphery, and shows an undistorted FRI morphology. All 
three radio sources are strongly polarized at the highest 
frequencies, and all three show both more depolarization 
and higher Faraday Rotation Measures with increasing 
proximity to the cluster center. We interpret this polar- 
ization behaviour as induced by the magneto-ionized intr- 
acluster medium, whose magnetic field is estimated to be 
in the range 5-10 ^iG. 

Key words: Galaxies: cluster: individual: A 119 - Ra- 
dio continuum: galaxies - Magnetic fields - Intergalactic 
medium 



1. Introduction 

The intra-cluster medium (ICM) in clusters of galaxies is 
known to possess magnetic fields whose origin and prop- 
erties are not yet well known. The presence of cluster 
magnetic fields is demonstrated by a) the existence of dif- 
fuse cluster-wide radio emission (radio halo) as revealed in 
some clusters (e.g. Coma, see Giovannini et al. 1993, and 
references therein), b) the detection of Inverse Compton 
hard X-Ray emission (Bagchi et al. 1998, Fusco-Femiano 
et al. 1998), c) the study of variations of the Faraday Rota- 
tion of background sources shining through different lines 
of sight across the clusters, d) the analysis of Faraday Ro- 
tation gradients in extended sources embedded within the 
cluster. 
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Kim et al. (1991) analyzed the Rotation Measure (RM) 
of radio sources in a sample of Abell clusters and found 
that /j,G level fields are widespread in the ICM, regard- 
less whether they do or do not have a strong radio halo. 
Stronger magnetic fields, from about 5 up to the extreme 
value of 30 fiG (as in 3C 295, Perley & Taylor 1991; and 
Hydra A, Taylor & Perley 1993) have been found in "cool- 
ing flow" clusters where extremely large Faraday rotations 
have been revealed, suggesting that the generation of very 
strong ICM magnetic fields may be connected with the 
cooling flow process (Soker & Sarazin 1990, Godon et al. 

1 /2 

1998). In the Coma cluster, a magnetic field of about 6h 50 
fj,G was found by Feretti et al. (1995) from the analy- 
sis of the rotation measure in the cluster radio galaxy 
NGC 4869. This large value is comparable to the mag- 
netic field strength observed in cooling flow clusters, and 
it is considerably larger than the "equipartition" field de- 
rived by the radio data of the diffuse radio halo Coma C, 
permeating the Coma cluster center. 

The ICM magnetic field can be tangled on scales much 
smaller than the typical galaxy size. Crusius-Watzel et 
al. (1990), studying the depolarization in 5 strong double 
sources, found tangling on smaller scales (1-4 kpc). This 
is confirmed by the results of Feretti et al. (1995) on the 
Coma cluster. 

The knowledge of the properties of the large-scale mag- 
netic fields in clusters is important to study the cluster 
formation and evolution, and has significant implications 
for primordial star formation (Pudritz & Silk 1989). It 
has been suggested that strong fields can originate either 
by large scale dynamo amplification (Ruzmaikin 1989) or 
by turbulence following a cluster merger (Tribble 1993). 
These magnetic fields can be traced by studying the ro- 
tation measures of radio sources located within or behind 
the cluster. 

We examine here the cluster Abell 119, which is char- 
acterized by the presence of three extended radio galax- 
ies, located at different projected distances from the clus- 
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Table 1. VLA Observing Log 



Name 


Frequency 


Bandw 


Config. 


Date 


Duration 




MHz 


MHz 






Hours 


A 119 


1365/1515* 


12.5 


B 


Jan96 


8 




1365/1515* 


12.5 


C 


Feb96 


3 


0053-015 


4835/4885 


50 


B 


Dec95-Jan96 


6 




4835/4885 


50 


C 


Feb96-Mar96 


2.1 




8415/8465 


50 


B 


Dec95-Jan96 


6 




8415/8465 


50 


C 


Feb96-Mar96 


2.1 




7815/8165 


50 


C 


Nov94 


0.7 




8515/8885 


50 


c 


Nov94 


0.6 


0053-016 


4835/4885 


50 


B 


Dec95-Jan96 


6 




4825/4885 


50 


c 


Feb96-Mar96 


2.1 




7815/8165 


50 


c 


Nov94 


0.7 




8515/8885 


50 


c 


Nov94 


0.6 




8415/8465 


50 


B 


Dec95-Jan96 


4 




8415/8465 


50 


C 


Feb96-Mar96 


2.1 


3C 29 


4835/4885 


50 


c 


Mar96 


0.7 




8415/8465 


50 


c 


Mar96 


0.7 



* Higher frequency IF not used because of interferences 



ter center. Two sources, 0053-015 and 0053-016, show 
a narrow-angle-tailed (NAT) structure of ~5' in size, 
and are projected close to the cluster center. The third 
source, 3C 29 (0055-016), is a typical FR I, extended 
about 2.5' and located at the cluster periphery. All these 
sources are highly polarized, therefore they are suitable for 
a study of the rotation measure. Moreover, their presence 
at different cluster locations is crucial to derive informa- 
tion about the magnetic field strength and structure in the 
whole cluster. The cluster A 119 (z=0.0441) is of richness 
class 1, and is classified as BM type II-III. The first ranked 
galaxy is UGC 579, classified as a cD galaxy (Postman & 
Lauer 1995, Saglia et al. 1997). According to Peres et al. 
(1998), no cooling flow is present in this cluster. 

We use a Hubble constant H = 50 km s _1 Mpc -1 
throughout this paper. At the distance of A 119, 1 arcsec 
corresponds to 1.18 kpc. 

2. Observations and data reduction 

The data presented here were obtained with the Very 
Large Array (VLA) at multiple frequencies, in the B and C 
configurations, as given in Table |l[ The source 3C 48 was 
used as a primary flux density calibrator. The phase cali- 
brator was the nearby point source 0056-001, observed at 
intervals of about 20 minutes, while the polarization posi- 
tion angle calibrator was 3C 138. The instrumental polar- 
ization of the antennas was corrected using the secondary 
calibrator 0056-001, which was observed over a wide range 
of parallactic angles. A single pointing for the whole clus- 
ter at 1.365/1.515 GHz allowed us to obtain images of the 



two tailed radio galaxies with negligible bandwith smear- 
ing. The radio galaxy 3C 29, offset by ^20' from the point- 
ing position, suffers of a reduction in peak response of 
about 50%. The data at 1.515 GHz were seriously affected 
by a strong time- variable interference, which limited the 
sensitivity achieved in the image; therefore they were not 
used in the analysis. At the higher frequencies each source 
was observed individually. The data were reduced with 
the Astronomical Image Processing System (AIPS), fol- 
lowing the standard procedure: Fourier- Transform, Clean 
and Restore. Self-calibration was applied to minimise the 
effects of amplitude and phase variations. All the images 
were corrected for primary beam attenuation. 

Images of the Stokes parameters I, Q and U were pro- 
duced at each frequency, with different resolutions, using 
the AIPS task IMAGR. The restoring beam was typically 
a circularly symmetrical Gaussian. The images of the po- 
larized intensity P = (Q 2 + U 2 ) 1 / 2 , the degree of polar- 
ization m = P/I and the position angle of polarization 
6 = 0.5tan _1 ([//Q) were derived from the I, Q and U im- 
ages. The P maps were corrected for the positive Ricean 
bias due to the combination of two noisy quantities in 
quadrature (Wardle & Kronberg 1974). The errors deriv- 
ing from off-axis primary beam polarization are always 
less than 1% in our sources, except in 3C 29 at 1.4 GHz. 
At its distance from the phase center (~ 20') the error 
on the polarization percentage is estimated to be within 
~3.5% (Napier 1989). 

3. Total intensity and polarization images 
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3.1. 0053-015 



3.2. 0053-016 



The radio galaxy 0053-015 is classified as a NAT source, 
with a total extent of ~5'. It was mapped at 1.4 GHz 
by O'Dea & Owen (1985), who found a quite irregular 
structure with asymmetric jets. The large scale image and 
the polarization information, obtained with the Effelsberg 
radio Telescope, were presented by Mack et al. (1993). 
The source is highly polarized at 10.7 GHz, the fractional 
polarization reaching about 30%, and a magnetic field ori- 
entation parallel to the tail direction. 

The overall source structure is easily visible at 1.4 
GHz, at a resolution of 3.5" (Fig. ||). The total extent 
of the source mapped at this frequency with the VLA is 
about 5', which is comparable to the extent found from 
the single dish image (Mack et al. 1993). The unresolved 
core, located in the upper western region (C in Fig. @), is 
very bright in the images at all frequencies. The two short 
symmetric jets emanating from the core are oriented in 
the NE-SW direction. The NE jet bends by about 90° to 
the south to form a low surface brightness lobe, which ex- 
pands and merges with the emission originating from the 
other jet. The long tail, notably rich in wiggles, smoothly 
fades into the noise. 

The highest resolution image at 4.9 GHz, presented in 
Fig. g, shows in great detail the structure of the jets and 
lobes. The SW jet is well collimated for about 20", then it 
widens suddenly forming a well defined lobe, characterized 
by several bends and wiggles. The brightness of the west- 
ern lobe shows a maximum at ^50" from the nucleus, and 
decreases progressively further out. The NE jet is straight 
at the beginning, then it sharply bends by 90°, and forms 
a bright large lobe. This jet is slightly brighter than the 
opposite one, and is easily distinguishable for about 20". 
Unlike the SW jet, it is surrounded by a cocoon of lower 
brightness. The lobe shows a squared corner toward the 
east, then bends and twists, before quickly fading into the 
low brightness tail. Although the structure is very skewed, 
the properties of the two jets and lobes show some sym- 
metries: similar length of the jets, similar distance from 
the nucleus of the two regions of maximum brightness in 
the lobes, and finally the winding structure of the tails. 
The jet structure is enhanced in the 8.4 GHz image (Fig. 
||), where the low brightness lobes are mostly resolved out. 

The source is strongly polarized at 8.4 GHz and 4.9 
GHz, with similar values of the polarization percentage. In 
the image with 3.5" resolution, the fractional polarization 
is ~4% in the nucleus, then it oscillates between 10% and 
35% along the two lobes, with values up to 50% at the 
lobe boundaries. At higher resolution (HPBW=1.5"), the 
degree of polarization is only slightly higher. At 1.4 GHz, 
the polarization percentage drops to values always below 
10%, with irregular variations along the structure. The 
average depolarization, defined as the ratio between the 
polarization percentage at 1.4 GHz, mi. 4, and that at 4.9 
GHz, ni4.9, is of ~0.2. 



The NAT radio galaxy 0053-016 was imaged at 1.4 GHz 
by O'Dea & Owen (1985), who found a total size similar to 
that of 0053-015 (~5'), and a quite symmetric and regu- 
lar structure. Despite the similarity of the structure of the 
two tails, the fractional polarization detected at 10.7 GHz 
by Mack et al. (1993) is very asymmetric. Significant po- 
larized flux up to a level of 20% is found by these authors 
in the western source region, and in the outermost tail, 
while the eastern region is unpolarized. This structure in 
polarization has been interpreted by Mack et al. (1993) as 
due to depolarization within the observing beam of ~ 1'. 

In the 1.4 GHz image obtained with 3.5" resolution 
(Fig. ||), the head of the source is resolved in two sym- 
metric jets, bent backward, and without clear evidence 
of the nucleus (labelled as C in the figure). The jets pro- 
gressively widen, and follow a helical path, before merging 
into a low surface brightness tail. In the high resolution 
images at higher frequencies, given in Figs. H and @, the 
core is easily visible between the two symmetric oppo- 
site jets, initially oriented in the SE-NW direction. Both 
jets are curving rather continuously, but the western jet 
shows a slightly sharper bend at the northest point of 
the source, similar to 0053-015. The two jets show an in- 
creasing width, with regions of high brightness, and an 
extraordinarily twisted structure, up to a projected dis- 
tance of about 100" from the core. Beyond this distance, 
there is a remarkably straight and very collimated region 
in the western jet, about 20" long (around position RA = 
00^ 53 m 25.5 s , DEC = -01° 37' 25"), after which the jet 
seems to disrupt, forming a wider low surface brightness 
tail which is sharply bent to the south. 

The core shows a polarization percentage of 6%. Both 
jets are higly polarized at 4.9 GHz and 8.4 GHz. At 
3.5" resolution, the fractional polarization at both fre- 
quencies oscillates between 5% and 25% for about 100", 
with peaks in the bends. In the straight narrow region of 
the western jet, the polarization percentage increases to 
^60%. It seems clear that the high fractional polarization 
in this region is responsible for the polarization asymme- 
try detected in the Effelsberg data at 10.7 GHz (Mack et 
al. 1993). At the higher resolution of 1.5" the polariza- 
tion percentage is higher, thanks to the lower beam de- 
polarization. At 1.4 GHz, the source is depolarized, with 
mi. 4/1114. g ~0.5. 

3.3. 3C 29 (0055-016) 

This radio galaxy has been previously observed with the 
VLA by Morganti et al. (1993) and is classified as FR I. It 
is considered to be a rather isolated object (Fasano et al. 
1996), in agreement with its peripheral cluster position. 

The image of this galaxy at 4.9 GHz with 5" resolution 
is presented in Fig. ||. It shows the central nucleus and 
two opposite symmetric straight jets, approximately ori- 
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ented in the N-S direction. The cocoon of radio emission 
around the jets is typical of FR I sources (De Ruiter et 
al. 1990). In the image at 8.4 GHz, with the highest res- 
olution allowed by our data (Fig. ||), the low brightness 
structure is still visible, and the jets are enhanced. The 
structure of the source magnetic field is consistent with 
that of FR I's. The fractional polarization at 4.9 GHz and 
8.4 GHz is about 45% in the northern jet, 25% in the 
southern one, and reaches 50% at the lobe boundaries. 
At 1.4 GHz the source is still well polarized, with little 
depolarization (mi. 4/1114.9 ~ 0.8). 

4. Properties of the cluster radio galaxies 

4-.1. Spectra of the tailed radio galaxies 

The point-to-point spectral index along the source struc- 
ture of the two NAT's was derived using the images at 1.4 
GHz, 4.9 GHz and 8.4 GHz, obtained with the angular 
resolution of 3.5" from data with matched uv-coverage. 
In both sources the spectrum of the core is flat with a ~ 
0. At the jet bases the spectral indices are about 0.5-0.6, 
and evidence of spectral curvature is found with increas- 
ing distance from the core, along the tails. The spectral 
indices at a distance of ~2' are similar in the two sources, 



with a\y 



0.8-0.9 and a|;| >2. 



A curvature in the emission spectrum is expected as 
a result of synchrotron energy losses from an ensemble 
of electrons with an initial power-law energy distribution, 
and appears at a critical frequency u c , related to the elec- 
tron age. The shape of the expected synchrotron spec- 
trum can be computed analytically as a function of the 
critical frequency, the electron energy distribution index 
and the evolution of the electron pitch-angle distribution 
with time (Pacholczyk 1970). The model of Kardashev- 
Pacholczyk (KP) is obtained in the case that electrons 
maintain the same pitch angle throughout their radiative 
lifetime (Kardashev 1962). The model of Jaffe-Perola (JP) 
assumes that there is a redistribution of electron pitch an- 
gles on short time scales in comparison with their radiative 
lifetimes, due to their scattering on magnetic field irregu- 
larities (Jaffe & Perola 1973). 

We obtained the spectra of our sources between 1.4 
GHz and 8.4 GHz, at several locations along the tails up 
to ~3' from the radio nucleus in 0053-015 and up to a 
distance of ~2' in 0053-016. In the outermost points, only 
upper limits to the 8.4 GHz brightness were derived. These 
spectra were then fitted using both the KP and JP models, 
since we do not have observational evidence in favour of 
any of them. The fitting procedure was developed by Mur- 
gia & Fanti (1996) and applied using the same approach 
as in Feretti et al. (1998). We used an initial electron en- 
ergy distribution function of the kind N(E)dE oc E _2 dE, 
corresponding to a synchrotron spectral index a=0.5 

Good fits to the observed spectra were obtained by 
both the KP and JP model within ~ 1' from the core, 



while at further distances the measured spectra are steeper 
than expected from the models. This could possibly de- 
rive from the limited sensitivity to low surface bright- 
ness structure in the 8.4 GHz image. We note also that 
non-uniformities in the particle and field distributions in 
the sources can complicate the interpretation of spectral 
curvature (Wiita & Gopal-Krishna 1990, Eilek & Arendt 
1996). 

From the values of the critical frequency and of the 
magnetic field, it is possible to get information on the life- 
time of radiating electrons suffering synchrotron and in- 
verse Compton losses. As the magnetic field strength, we 
used the equipartition value estimated at the various lo- 
cations along each source. The calculation of the equipar- 
tition magnetic field involves a number of assumptions 
(Pacholczyk 1970). We assumed a cylindrical geometry, a 
volume filling factor of 1, upper and lower frequency cut- 
offs of 10 GHz and 10 MHz, and equal energies in the 
relativistic electrons and protons. In the source 0053-015, 
the value of the equipartition magnetic field decreases with 
distance from ~7 /iG in the inner points to ~ 2.5 /iG at 
~3', while the critical frequency v c decreases from >30 
GHz to ~ 7 GHz. This leads to electron ages in the range 
1-5 x 10 7 yr, and to an average projected bulk velocity of 
~ 4500 km s^ 1 in both tails. In 0053-016, the equiparti- 
tion magnetic field close to the nucleus is ~8.5 /iG, and 
at ~2' from the core is 3.8 /iG in both tails. The critical 
frequency ranges from ~ 30 GHz to ~ 10 GHz, and the de- 
rived ages are about 1-4 xlO 7 yr. This implies an average 
electron projected bulk velocity of ~ 4000 km s -1 . 

The relativistic electron velocities are higher than ex- 
pected, as we would expect that the particles diffuse at 
their typical sound speed or that their motion reflects the 
proper motion of the parent galaxy within the cluster (see 
next Subsection). We have also considered the possibility 
that the magnetic field which enters in the computation of 
the age is not the equipartition value. We have noted, how- 
ever, that the equipartition magnetic fields in the source 
extremes are close to the values which give the maximum 
lifetimes (Van der Laan & Perola 1969), therefore the use 
of significantly different values of the magnetic field would 
make the velocity still higher. 

4-2. Optical data 

The host galaxies of the three radio sources studied here 
are all classified as ellipticals, with no particular features. 
The parent galaxy of 3C 29 shows round optical contours 
(Smith & Heckman 1989) also confirmed by the HST im- 
age (Zirbel & Baum 1998). 

The dynamical analysis of the structure of A 119 has 
been recently presented by Way et al. (1998), who give 
velocities for 153 cluster galaxies and derive an average 
cluster velocity of 13228 km s _1 , and a velocity dispersion 
of 778 km s _1 . They also suggest the possible presence of 
subgroups. In Table 0, the positions of the optical parent 
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Table 2. Optical data on radio galaxies 



Name 


Other 


RA (B1950) 
h m s 


DEC 

O / // 


ran 


km s _1 


| A v | 
km s" 1 


Proj. 


. Dist. 
kpc 


0053-015 
0053-016 
3C 29 


UGC 583 
UGC 595 


00 53 52.3 
00 53 29.3 
00 55 01.6 


-01 31 59 
-01 36 17 
-01 39 40 


12.93 
13.89 
12.80 


11456 
12795 
13491 


1697 

415 

252 


2.4 

6.4 
21.4 


170 
453 
1515 



Caption. Columns 1 and 2: source name; Columns 3 and 4: coordinates of the galaxies from Colless at al. (1993); Column 5: 
red apparent magnitudes (from Saglia et al. 1997); Column 6: heliocentric velocities from Way et al. (1998); Column 7: proper 
velocities with respect to the average velocity of the cluster; Columns 8 and 9: projected angular and linear distance from the 
cluster center (given in Table pi). 

Table 3. Cluster X-ray parameters 



Name 


RA (B1950) 
h m s 


DEC 

O / // 


kpc 


P 


no 
cm" 3 


T 
keV 


A 119 


00 53 43.5 


-01 30 59 


378 


0.56 


1.18X10" 3 


5.6 



Caption. Columns 2 and 3: coordinates of the X-ray centroid (from Peres et al. 1998); Column 4: core radius; Column 5: ratio 
of the galaxy to gas temperature; Column 6: central gas density; Column 7: temperature. 



galaxies are given, together with their radial heliocentric 
velocities. The galaxy proper velocities have been calcu- 
lated with respect to the average cluster velocity. From the 
proper velocities of the three radio galaxies it is evident 
that the motion along the line of sight is quite low in 0053- 
016 and 3C 29. We can argue that the peripheral source 
3C 29 has a genuinely low proper motion, in agreement 
with its undistorted structure, while the NAT 0053-016 
has a predominant velocity component in the plane of the 
sky. In the previous subsection we found that the bulk ve- 
locity of radiating particles in the NAT galaxies is about 
4000 - 4500 km s _1 . It is likely that part of this veloc- 
ity reflects the proper motion of the parent galaxy within 
the cluster; however, it seems too high to fully account 
for it. The high velocities found for the electrons in the 
tails can be interpreted as due to: a) projection effects; b) 
the existence of reacceleration processes, which prevent 
the electron spectral index steepening and allow the elec- 
trons to extend their lifetimes; c) the presence of genuine 
bulk streaming motion in the radio emitting plasma; d) 
the existence of motion of the cluster medium (Loken et 
al. 1995); e) a non- uniform magnetic field, which affects 
the estimate of the critical frequency. Similar results have 
been found in a small sample of tailed radio galaxies by 
Feretti et al. (1998). 



5. Comparison of X-ray and radio images 

The cluster A 119 has been the target of X-ray observa- 
tions with the ROSAT PSPC, for a total exposure time 
of 15203 sec. The data were analyzed by Cirimele et al. 
(1997), who fitted the X-ray brightness with a hydrostatic 
isothermal model of the form 



S(r)=So(l+r 2 /r c 2 )- 3/3+0 - 5 



(1) 



where So is the central surface brightness, r c is the core ra- 
dius, and j3 is the ratio of the galaxy to gas temperature. 
They derived the parameters given in Table ||. The gas 
temperature in the Table is from Markevitch et al. (1998), 
who obtained a temperature map from ASCA data, and 
concluded that the temperature profile of this cluster is 
nearly constant. We retrieved the data from the public 
ROSAT archive and produced an image by binning the 
photon event table in pixels of 15", and by smoothing the 
map with a Gaussian of a = 45". In Fig. the X-ray 
brightness distribution is overlaid onto the radio emission 
from the three cluster radio galaxies. The X-ray bright- 
ness distribution is rather irregular and asymmetric, with 
an extension in the northern region. The centroid of the 
X-ray emission (given in Table |3j) is consistent with the 
position of the cD galaxy (Peres et al. 1998). The three 
radio galaxies are all embedded within the X-ray gas, at 
the projected distances given in Table g. The two NAT's 
are located within 1.2 core radii from the cluster center, 
while 3C 29 is at 4 core radii, and coincides with a weak 



L. Feretti et al.: The radio galaxies and the magnetic field in Abell 119 



X-ray local enhancement. It is difficult to do an effective 
comparison between the radio emission and the X-rays, 
given the lower resolution of the ROSAT PSPC data. It is 
worth noting that the tails in both 0053-015 and 0053-016 
have very similar orientations, even though the density 
gradient, related to the X-ray contours, is quite different. 
This could be related with the presence of merger-induced 
bulk motion of the intergalactic medium, as suggested by 
Bliton et al. (1998). 



Table 4. Summary of RM and depolarization data 



Name 



0053-015 
0053-016 
3c 29 



|RM ma a; 

rad m~ 2 



450 
300 

30 



<RM> 
rad m -2 



GRM 

rad nT 



DP 



+28 
-79 

+4 



152 

91 

13 



Dist 

r/r c 



0.2 0.45 
0.5 1.20 
0.8 4.01 



6. Rotation measure structure 

We obtained images of the rotation measure in the radio 
galaxies under study by combining the suitable polariza- 
tion data available to us. For the two tailed radio galaxies, 
0053-015 and 0053-016, we used the maps at the 5 fre- 
quencies 4.835, 7.815, 8.165, 8.515 and 8.885 GHz, with 
3.75" resolution. In principle, the addition of the 1365 
GHz could provide a larger wavelength sampling, but the 
polarization of the two sources is too low at this frequency 
to be useful. 

Following the definition 6\ = 6i + RMX 2 , where 9i 
is the intrinsic position angle of the polarization vector 
and 9\ is the position angle at wavelength A, the value of 
the RM was computed by linear fitting of the polarization 
angle as a function of A 2 . The pixels in which the uncer- 
tainty in the polarization angle exceeds 20° were blanked. 
We note that only a few pixels near the source edges have 
such large uncertainties. The fitting algorithm provides 
a weighted least-squares fit, allowing for an ambiguity of 
±n7r in each polarization position angle. 

The data of both sources are well fitted by a A 2 re- 
lation. The typical error in the resulting values of the 
rotation measure is ~30 rad m -2 . The image of RM in 
0053-015 is presented in Fig. |[ The values of RM range 
between -350 rad m~ 2 and +450 rad m -2 , and show fluc- 
tuations on small scales. The distribution of the values is 
evident from the histogram in Fig. |§|. It is non-Gaussian, 
with the peak close to zero. The average RM of the whole 
source is <RM> = + 28 rad m~ 2 , with a dispersion of 
o~rm = 152 rad m~ 2 . 

The image of RM in 0053-016 is presented in Fig. |[ 
The values of RM range between -300 rad m~ 2 and +200 
rad m -2 , as displayed by the histogram of Fig. |[ The 
distribution of RM shows two peaks, both negative. The 
average RM of the whole source is <RM> = -79 rad m -2 , 
with a dispersion (Trm = 91 rad m~ 2 . 

For 3C 29 we obtained the rotation measure by com- 
paring the images at 1.365 GHz, 4.885 GHz and 8.440 
GHz, with 5" resolution, given that the source is highly 
polarized also at the low frequency. The RM in 3C 29 is 
rather uniform over the whole source, with values between 
-30 and +30 rad m -2 (see Figs, g and ||). The average 
value is <RM> = +4 ± 13 rad m~ 2 . The RM is therefore 
consistent with zero. 



Caption. Column 1: source name; Column 2: maximum abso- 
lute value of RM; Column 3: average value of RM; Column 4: 
RM dispersion; Column 5: average depolarization defined as 
nil. 4 Girz/ni4.9 GHz', Column 6: distance from the cluster cen- 
ter in units of core radii. 



All the values of RM obtained in this section are likely 
to be genuinely related to the sources under study. The 
Galactic contribution to RM in the region of A 119 is in 
fact expected to be only ~1 rad m -2 (Simard-Normandin 
et al. 1981), and therefore negligible. 

7. Discussion 

7.1. Evidence for cluster magnetic fields 

Faraday rotation in a radio source can be produced if the 
line of sight crosses a region of mixed magnetic field and 
ionized thermal gas (external Faraday rotation). In this 
case, the polarization angle obeys a A 2 law over an angle 
larger than 7r/4, and the relation between the RM, the gas 
density n e , and the magnetic field along the line of sight 
Sii is given by 



RM = 812 / B\\n e dl 



rad 



(2) 



where Bn is measured in /iG, n e in cm~ 3 and dl in kpc. 
This is the case for radio sources in clusters, if the hot intr- 
acluster gas is magnetized. The RM distribution of cluster 
radio galaxies can therefore be used to derive information 
on the magnetic field along the line of sight. 

In the case of a tangled magnetic field, with cells of 
uniform size, same strength, and random orientation, the 
observed RM along any given line of sight will be gener- 
ated by a random walk process, and the distribution of 
RM results in a Gaussian with zero mean, and the dis- 
persion related to the number of cells along the line of 
sight. The source will also depolarize at long wavelength, 
if the external Faraday screen is not fully resolved by the 
observing beam. 

The good A 2 fits to the polarization angle favour the 
interpretation that external Faraday rotation is the dom- 
inant mechanism in the present sources. In Table |4J we 
summarize the results for the present radio galaxies. The 
most striking result is the trend of RM dispersion and 
depolarization with distance from the cluster center. The 
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innermost source, 0053-015, has the largest <jrm, the high- 
est absolute values of RM, and the highest depolarization 
at long wavelengths. The source 0053-016, located just 
beyond 1 core radius from the cluster center, still shows 
high values of RM, but lower than in 0053-015, and also 
the depolarization is lower. Finally, the peripheral source 
3C 29 shows little RM and little depolarization. This re- 
sult points to the interpretation that the external Faraday 
screen is the same for all 3 sources, i.e. it is the intergalac- 
tic medium in A 119, which plays different roles accord- 
ing to how much magneto-ionized medium is crossed by 
the polarized emission. This is consistent with the two 
NAT's being really located in the inner cluster region, 
and not simply projected onto it. As suggested by Trib- 
ble (1991), unresolved external RM fluctuations produce 
a fall-off of the polarization degree with A. A consistent 
picture is thus that the structure of the intergalactic mag- 
netic field is tangled on small scales, this accounting for 
the observed depolarization. From the polarization degree 
of 0053-015 and 0053-016 (see Sect. 3), there is evidence 
that the 3.5" observing beam does not fully resolve the 
screen. Thus, we can argue that the scale of tangling of 
the magnetic field is <4 kpc. Moreover, field reversals must 
take place. 

The indirect detection of the magnetic field associated 
with the intergalactic medium of A 119 is an important re- 
sult, since so far a significant intergalactic magnetic field 
has been only found at the center of clusters with strong- 
cooling flows (Ge & Owen 1993, Taylor et al. 1994). More- 
over, direct evidence of a cluster magnetic field is provided 
in the few clusters containing a radio halo (see e.g. Feretti 
& Giovannini 1996). The magnetic field present in A 119 
is spread on a size larger at least than one cluster core 
radius. The existence of a magnetic field component in 
the intergalactic medium therefore seems to be a common 
feature in clusters of galaxies. 

7.2. Strength of cluster magnetic fields 

The determination of the strength of the magnetic field in 
A 119 depends on the model for the X-ray gas distribution 
and on several assumptions, including the RM structure 
function, and the field structure. 

In the simplest case that a constant magnetic field fills 
the whole cluster, using the central gas density and a core 
radius as the path-length, Eq. (2) requires B\\ = 1.2 /iG. 
We have found, however, that the magnetic field is likely 
to be tangled on scales of the order of a few kpc. In this 
case, the intensity of magnetic field is larger by the square 
root of the number of cells crossed by the line of sight. 

A more realistic approach is to assume a magnetic field 
in randomly oriented cells of uniform size and strength, 
and a gas density distribution given by the hydrostatic 
isothermal model. The gas density n e has the functional 
form 

n e (r)=no(l+r 2 /r 2 c )- 30/2 (3) 



where the parameters have the same meaning as in Eq. 
(1). In this case, the RM dispersion at different projected 
distance from the cluster center was evaluated by Felten 
(1996) by solving the integral of Eq. (2): 



&RM 



KB\\norl /a lV 2 /r(3/3-0.5) 



(1 + r 2/ r 2)(6/3-l)/4' 



r(3/3) 



(4) 



where F is the Gamma function, r c is the core radius in 
kpc, and I is the size of each cell in kpc; the central gas 
density no is in cm~ 3 and B« is in /iG. The constant K 
depends on the integration path over the gas density dis- 
tribution: K = 624, if the source lies completely beyond 
the cluster, and K — 441 if it is as distant from the ob- 
server as the cluster center. For the cluster A 119, using 
K = 441 and the gas parameters given in Table H, the 
previous formula becomes 



o~rm 



10.2BHZ 1 / 2 
(l + r 2 /r 2 ) - 59 



(5) 



The values of o RM obtained for the 2 NAT's of A 119 fit 
fairly well in the model described above and are consistent 
with a magnetic field strength in the range 9.6-13.6 /iG, 
for a cell size between 2 and 4 kpc. 

The RM of the peripheral source 3C 29 is also consis- 
tent with the previous model. However, the magnetic field 
probably cannot be constant over 4 core radii (~ 1.5 Mpc), 
otherwise the magnetic pressure would exceed the thermal 
pressure in the outer parts of the cluster. So it is reason- 
able to believe that the very low RM of 3C 29 derives not 
only from the low density of the foreground medium, but 
also from a weaker magnetic field in this region. 

The model used to derive the magnetic field strength is 
very simplified: first, the two radio galaxies can be at dif- 
ferent locations along the line of sight; second, the cluster 
shows possible substructures both in optical and in X-rays, 
and therefore the model used for the gas density distribu- 
tion may be inaccurate; third, the magnetic field structure 
could be more complicated than assumed. We cannot ex- 
clude the possibility that the cell size of the magnetic field 
in the region around the radio galaxies would be smaller 
than that of the the cluster- wide magnetic field, due to the 
interaction between the radio sources themselves and the 
intergalactic medium. With cells of 10-20 kpc, the mag- 
netic field derived from Eq. (5) is 4.5-6.1 /iG. 

Even allowing for the uncertainties related to the previ- 
ous computations, the observational evidence favours the 
existence of a strong magnetic field in the intergalactic 
medium of A 119, over a scale larger than the cluster core 
radius. A plausible range for the magnetic field strength 
is about 5-10 /iG. 

8. Conclusions 

Three radio galaxies belonging to the cluster Abell 119, 
located at different projected distance from the cluster 



s 
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center, are studied in total intensity and polarization. The 
two radio galaxies closer to the cluster center show similar 
NAT structure, while the most peripheral radio galaxy is 
a classical FRI source. 

The spectra of the NAT radio galaxies progressively 
steepen with the distance, as expected under the effect 
of synchrotron energy losses. The electron lifetimes in- 
ferred from the spectral curvature lead to drift velocities 
of ^4000-4500 km s _1 . Still higher values are obtained if 
the magnetic field is different from the equipartion value. 
Such large values of the velocities can derive from projec- 
tion effects, or from the existence of reacceleration pro- 
cesses within the tails, or bulk motions along the tails 
and/or in the integalactic medium. We also note that non- 
uniformities in the magnetic field can affect the interpre- 
tation of the spectral curvature. 

Large Faraday Rotations are found in the NAT's. The 
magnitude and scale of the RM is consistent with a mag- 
netic field embedded in the hot X-ray emitting cluster 
medium. To account for the observed Faraday rotation, 
the cluster magnetic field must be present up to a dis- 
tance of more than 1 cluster core radius. The strength of 
the field is between 5 and 10 /iG, depending on the scale 
of the magnetic field tangling. 
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